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ABSTRACT

g
o P

This report descrides upper atmosphere research at the Naval Research
Laboratory during the last three guarters of 1947 and the first quarter of
1948, A detailed study of the solar spectra obtained during the V-2 flighte
of October 10, 1946, and Mareh ? and October 9, 1947, is given. The ex-
periments performed in the missiles fired on May 15, July 10 and Octobder 9,
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A
'

1947, and Jamary 22, 1948, are discussed. A description is provided of Ty
the experimental technigues and apparatuses which were employed. Results WAt AT
in cosmic ray research and pressure and temperaturs studies are presented. NSNS
A mathematical analysis of the geometry of cosmic ray Geiger counter tele- ::.:ji{:'_i;-?
scopes is given, - :\‘t\"“-‘}:
T

STATUS OF THE PROBLEMS

This 1s an interim report on the problems listed below; work on all
these problems is contiming.

AUTHORIZATION

N26-02, P26-0L, R10-20, R25-02, R25-01.
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kilometers. This exceeds by more than 100 kilometers the altitude of the

ﬁ- The first cloud chamber photogravh ever taken at an altitude of 145
. highest cloud chamber photographs obtained before the January 22, 1948 V-2

N flight, A highly ionizing particle traversing both lead plates ls viaidie.
o Ite scattering, ionization and penetrating power indicate that it is an

;-'-.'j alpha particle having an energy greater than 500 million electron volts.

o 1t is presumably a primary particle.
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UPPER ATMOSPHIRE RESEARCH
REPORT ¥O. V
INTRODUCTION

The Naval Research Laboratory conducted upper air studies in four of
the six research V-2's which were fired by Ammy Ordnance at its White
Sande Proving Ground between May 15, 1947, and Jamuary 22, 1948. On only
one of these four flights did the V.2 deliver the research instrumentation
into the upper atmosphere in operating condition while providing a reason- .
ably stadle platform from which to make measurements and observations.
This was almost a complete reversal of the Laboratory's experience in ite
first five V-2 firings. Only one of these had resulted in a poor flight
from the standpoint of the requirements of the upper atmosphers research
program,

During this period a comprehensive analysis of the ultraviolet spec-
trun of the sun was completed. Solar spectrograas were obdtained by the
Labdoratory on three occasions during the first two years of rocket-somdle
resea~ch. These spectra, exposed on October 10, 1946, and March 7, and
Octoder 9, 1947, were all analyzed in great detail. The findings will Dde
pudblished in Iha Astrophyaicsl Jouraal.l This paper is reproduced here in
Chapter II. An analysies of the geomeiry of cosmic ray counter telescopes
was published in The Baview of Scientific Instrumenta,? and is presented
here in Chapter V., Special attention was given to the main prodlem of
rocket instrumentation. In particular, means for accurate determination
of aspact were investizated.

A fresh approach to the problem of studying the ionosphere was made on
July 10, 1947, vhen two new experiments were attempted for the first time.
They made use of a positive ion gage which was mounted at the nose of the
missile and a generating voltmeter wvhich was installed in the midsestion.
These experiments will be reported upon later. An account of the pressu.e
measurements made on Jammary 22, 1948, 1s given in Chapter VI, The pres-
sure and temperature observations of the latter date were the first ever
to be made at very high altitudes during midwinter.

The many prodlems which are associated with the use of a cloud chamber
are further multiplied and corplicated when this delicate instrument is
operated in a rocket. The difficulties were overcome, to a large extent,
in the V-2 flight of Jamuary 22, 1948. On that day were odbtained the first
cloud chamder photographs of cosmic ray events sver taken adbove the earth's
atmoephore. One of these, exposed at an altitude of 145 kilometers, ap-
pears in the Frontispiece. Chapter IV contains a description of the cioud
chamber, and discuesions of the counter telescope studies which were made
on May 15 and July 10, 1947,

> o
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s VX, Daramd, J. J. Oberly and R. Tousey, Aatropkys. J., (1948).
e ZHomer ¥, Newell, Jr., Bev. Sal. Inat. 19, 384, (1948).
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CHAPTER I

TME FIFTH, SIXTH AND SEVINTA CYCLES OF V.3 FIRINGS | e

The fifth cycle of V-2 firings was to have begun witk missile no. 35.
Actually, the fifth oycle consisted of V-2 mo. 36, launched on May 15, 1947,
while missile no. 35 was not fired until the end of the seventh oycle, on
April 3, 1948, In the months between,eizht additional V-3's, inclwiing
five upper atmosphere research rockets, were flowan.

Five of the seven research missiles launched in those three cycles
carried scientific equipment installed by the Naval Research Ladoratory.
This report deals with all btut the last of these five flights. The essen-
tial details of the firings in the three cycles are given in Tadle I. The

four flights treated in this report will de desoribded in somewhat greater
detail.

The sirzle upper atmosphere research rocket of the fifth cycle was
launched at 4:10 P.M,, N.S5.T. on May 15, 1947. Soon after take-off the
nissile began to turn toward the east. An wxplosion occurred in the roocket
aftor si~ty-four seconds of flight when the rocket had an aititude of
thirty-three kilometers (twenty-one miles). The cause of this accident was
not determined. The roocket reacbed a maximum altitude of 135 kilometers
(84 miles) and lended near Alamagorde. The spectrograph, the cosmic ray
recording camera, the two K-25 cameras mounted in the midsectiion, and the
two gun cameres mounted in the teil were all recovered.

All available evidence pointe to the fact that no powver was supplied -
to the research instrumentation after the explosion. No telemetering trans- TR
mission was received after this time. The cameras were exsmined and it was ;C-: A
found that their motors had stopped simultaneously when the mishap occurred. 15

The sixth cycle opened with the lsunching of V-3 miasile no. 39! on LAY
July 10, 1947, Beginning with this firing more elaborate methods and | 2%
apparatue for predicting the location of the impact area were emplored. It S
became clear very early in the flight that the rocket would land ouveide
the firing range if powered flight were allowved to continmue until the fuel
was spent. Accordingly, the EKL emergency cutoff systemd was used to

1This was actually the twenty-fifth Vhite Sands V-2 lsuaching, and the

. tventy-sixth missile expended, the first missile having been expended in a
e static firing test. Due to postponements, etc., missile numders dear no
e direct relation to the firing oxrder after the fourth cycls.

‘_i;.:._ 20¢. Naval Rezearch Ladoratory Report No. R-2955, Chapter II, Section B.
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TARMLS I
SUMMARY OF TME FPIFTH, SIXTH AND SEVENTE CI1CLES OF Y.2 FIRINGS
May 18, 1947 through dpril 3, 1948

Nie- Altitode  Range SR
Date _ Mesearch Agenoles K. Mi. s, Wi, Remarke DN
A
Ine Iifih Oyoie b q
.~“>~ :~\;-<\
as 26 May 15, Naval Mesesrch 138 84 72 45 Internal explosion occmrred 64 seconds AERSAON
1947 Labvoratory after takv-off. Nc research equipment :-_-‘-_.':_-\.
operated after this time. OComplete re- -_‘.-\‘.{\.t'
covery was eoffected. -;.:\.-,,_.:
AT

.
7

Ihe Sixth Cyals
a2 29 July 10, ENaval Research 16 10 3 2 DNaergency cutoff applied 33 seconds
1947 Laboratory after take-off., Nothing of value re-
coversl due to impast explosiosn.
27 30 July 29, Applied Physice 161 100 5 3 Sucoesstul flight. Recovery very sat-
1947 Ledorstory isfactory.
a8 37 Oet. 9, General Eleoctrie 186 7 5 32 Insersal exploaion occurred 84 seconds
1947 Compeny, Signal after take-off. The FRL epectrogreph
Corpe, Naval Re- did not operete after this time; Bus,
search Laboratory 14 wae recovered in good copditions.
® ¥ov. 30, Genersl Mectric a3 14 3 3 Rockes power plant failed after 39 P
1947 Company seconds of flight, Aserican-made oon- NS

ponents functionsd satisfactorily.

0 38 Dec. 8, Air Nateriel 105 65 45 48 BExceptionallystable flight.
1947 Command

Zha Ssvanth Oyale
a 34 Jan. 223, Naval Research 159 09 77 48 Attempt %0 spim rocket wme unsuccess-
1948 Laboratory ful. Cosmic ray oloud chamber photo-
graphe were obtained for the first
- time on this flight.

p 33 36 Tev. 6, OGeneral Blectric 111 69 5 3 Sucosssfel flight.
] e 1948 Compary
P 33 39 MNar. 19, Osneral Blectric 5 3 3 3 Low altitude attributed to failure of
:_. 1948 Company one of the rocket motor components.
S 34 35 Apr. 3  Sigual Corps, Naval 145 90 77 48 Very successful flight. Control
A 1948 Bgsearch Zaboratory chamber blowoff resulted in exeellent
M recovery,
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Thie view was taken from the bdlockhouse area, more than two and

The explosion resultinz from the impact of the Y-2 fired on July
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terminate the cperation of the rocket motor thirty-two seconds after take- S
off, This V-2 reached a maximum altitude oZ only sizteen kilometers (ten T e
miles) after seventy seconds of flight., The unusual nature of the flight ’ Py '—”.‘l
made it imposeible to dlow off the warhead. As a result, the rocket landed RIS
intact, at a distance of leas than 2,700 meters from the launching platform \fj{p:;fH
More than four tons of propellant were in the tanks when the iwpact occur- A
red. The explosion (cf. Pig. 1) which took place precluded the possidility RSAIRCRON
of recovering anything of value. gﬁ:}jujua

L _?.q

V-2 missile no. 27, originally scheduled to bde fired on June 13, 1947, e
was launched at 12:15 P.M., M,S.T. on October 9, 1947. This rocket devel- NN
oped a spin of fifty-eeven rpm during the ten seconds bdefore Brennschluss. ORI
An internal explosion occurred at an altitude of sixty-five kilometers
(forty miles) after eighty-four seconds of flight. The spectrograph motor
did not operate after this happened. The instrument was recovered, however,
and in good condition.
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Fig. 2. Trajectory information for the V-2 flight of Jamuary 22, 1948 ,
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The firet V-2 to be fired in 1948, the eighth Naval Research Laboratory
rocket, was launched at 1:12 P.M,, M.5.T7, on January 22. An attempt was
made to introduce a one rps spin into the rocket's motion by means of four
Jato units mounted in the midsection. These appear to have fired at the
proper time shortly after Brennschluss. The telemetering record showed
that the firirz signals actuslly were given by the timer, and some observers
reported that they had seen puffs of smoko issning from the rocket at about
this time. Telephotographs of the flight did not show the smoke pufts, how
ever. The jato shells were recovered in a condition which indicated that
the units had fired. Nevertheless, the rocket spun at the rate of oaly two
rpm during the free fall period.

A maximum altitude of 159 kilometers (99 miles) was attained after 232
seconds of flight. The signal for warhead blowoff was given by radio at
310 seconds after take-off., It was aleo given fifteen seconds later by a
timer in the rocket. The instrumentation and the telemetering continued t»>
operate, however, until the rocket apparently exploded after 409 seconds of
flight at an altitude of only 400 meters. DNetailed trajectory information
appears in Fig. 2. The cosmic ray cloud chamber film was recovered, The
warhead impact crater can be seen in Fig. 3, and the cloud chamber film
canister is shown in Fig. 37,

Fig. 3. The impect creter dug by the warhead
¢f the Va2 fired on January 22, 1948 ,
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CHAPTER Il
ANALYSIS OF THR FIRST ROCKET ULTRAVIOLET SPECTRA* -?—l:—-i
i!:_ V'_.‘ pd]
b’ 4:?,’ -

E, Durand, J. J. Oberly and R. Tousey!

ABSTRACT

Solar -grﬁogn obtained from V-2 flights on Octoder 10, 19462:3 and
March 7, 1947%:5:6 were analysed. The spectrum in the hitherto unobserved
region from 3900 A to 3200 A was found to be intensely complex and filled

with unresolved dlends. The low resolution (1.5 A) made positive identifi-

estimated intensities, character and identification of the lines observed
are given. Reproduction of densitometer traces are given and part of the
spectyur is shown replotted on an intensity scale.

Certain smltiplets of Fe I, To II, S4 I, and Mn II appeared in great
strength. Four lines, Si I, 2883 A, Mg I, 2852 A, Ng II 2803 A, and Mg II
2796 A, were very droad, similar to H and K of Ca II, The Ng II pair show-
od a central core of emission of great strength. The structure bdetwsen
3200 A and 2300 A could not be interpreted in terms of atomic lines, and
may bde caused by atmospheric bands of KO, :

SECTION I - Introduction

The Tirst successful attempt to photograph the sun's spectrum from
above the osone layer was made at Yhite Sands, New Nexico, om October 10,
146,23 ueing a vacuum grating specotregraph designed at the Naval Research
Ladoratory and installed in the tail fin of a German V-2 rocket. Radiation

* This articlehas beenaccepted for publication inthe Astrophysical Journal,

lHead of the Nicron Waves Section of the Optics Division. This program was
carried out jointly by the Micron Waves Section of the Optics Division, 5.
0. Huldurt, Superintendent; and the Rocket-Sonde Besearch Section, H. E.
Newell, Jr.,Head, of Badio Division I, J. M. Miller, Superintendent.

°¥, A, Baum, ¥, S, Johnson, J, J. Oberly, O. C. Hockwood, C. V. Strain, and
R. Tousey, Phys. Rev. 20, 781 (1946). -

¥¥aval Hesearch Lavoratory Beport ¥o. #-3030, Chapter IV, Section A.
%, Dyrand, J. J, Overly, and B, Tousey, Phys. Rev. 71, 827 (1947).
5lmro,l Research Labvoratory Report No. B-3120, Chapter II, Section A.

6Naval Research Laboratory Report No. R-3171, Chapter V.
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was ob-orvxdsdgvn to wave lengths as short as 2100 A, A gecond flight on 7 A
March 1947%*“+° gavo spectra of considerably improved resolution. During ::Qx{ﬁFﬁ
April of that year the Applied Physics Laboratory of the Johns Hopkins Uni- ;Tf‘f];
versity launched & rocket carrying a spectrograph equipped with a servo- NENRNERG
controlled mirror designed to track the sun in one axis. An analysis of EURNEANNA
the excellent spectra they obtained has néow been published.” A third NN N
successful flight with a Naval Research Laboratory instrument was rade oa SN

October 9, 1947. This report is an extension of the analysis already pub-
1ished4 of the spectra obtained on the flights sponsored by this labdoratory.

SECTION II - The Spectrograph

The spectrograph was designed at the Naval Research Lavoratory and
built by Baird Associates in Cambridge, Massachusetts. It is shown in Figs.
4 and §. It has previously been described in deta113,8 but since these
repo;ts are not generally available a brief description will Ye given here.

The rocket is vertical when launched and remains so during the accel-
erating period of about one minute. For the balance of the flight it is
uncontrolled and its orientation with respect to the sun may vary greatly,
depending on its chance residual angular momentum at fuel dburnmout. For mid-
day flights, the spectrograph is mounted with its cone axis vertical in
either the east or the west taill fin. It is provided with two optical
entrance axes, one aimed north, the other south, pointing to the sun. Both
axes are 45° down from the zenith, Either axis may be used to obtain spec-
tra, the former serving, if by chance the rocket rolls 180° about its axis.

To increass further the acceptance angle of the spectrograph, 2 mm
spheres of lithium fluoride are used to collect radiation in place of the
usual condenser and slit or the ground quartsz diffusion plate and slit
that has been used on other rocket lpectrogrtphl.7 A solar image - about

0.013 mm in dlameter - 1s formed behind the spheres and acts effectively as
a narrow slit.

This arrangement permits useable spsctra to dbe obtained with the sun
as much as 70° in any direction away from either axis. It suffers from the
drawback, however, that there is ssme defocussing for large angles, and that
changes in solar position during an exposure produce & displacement of the
solar image and a blurring of the spectrum, especially for displacements
parallel to the dispersion. Thy advantage in speed over the diffusing sys-
tem, however, is tremendous.

———

TJohn J, Hopfield and Harold E, Clearman, Jr., Phys Rev. 73, 877 (1948),

8Naval Resvarch Lavoratory Report No. 2955, 0ha.ptor III, Section H,
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After loaving the bead, the radiation falle on a small mirror and is
reflected back to a concave grating at the apex of the cone. The grating,
whose radius of curvature is 40 om, is ruled with 15,000 lines per inch on o
aluminized glass. It focuses the spectrum on the 35 mm film which lies on |
the Bowland circle at the base of the instrument.
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The spectra from the two beads are displaced to either side of the R
pedian plane by a slight tilting of the small mirrors. If plane mirrors RO
are used, the spectrusm lines will de about 1 mm high decause of the astig- .
patisa characteristic of this mounting. If eylindrical mirrors are used, e
the astigmatisp may be entirely eliminatsd at one wavelength and greatly RN
reduced at other wavelengths. The resulting reduction in height of the I
spectrum increases the photographic density obtained for a given exposure SR
and usvally reduces the bdlurring action referred to adove. On the other
hand, densitometry of the spectra bdecomes most Adifficult because of the :
changing height of the spectral liner at differeat wavelengths. There is @
also some lose of effective resolution because of the graininess of the _f-_-'."---f‘-‘-i‘
photographic film. -
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In spectrum No. 43 taken at 75 km on March 7, 1947 the roll of the
rocket during the exposure was such that the spectrum moved perpendicular
to the plans of dispersion. This fortunate chance gave a resolution nearly
as good as the best obtained in the laboratory, and most of the analysis
presented in this report was based on this particular spectrum. It is re-
produced in Fig, 6.

SREEER AR |"£l" E" rft#T't m

3100 3000 2900

2900 2800 2700

! 4

l )
2700 2600 2500

2600 2500 2400 2300

Fig. 6. Solar ultraviolet spectrur from 3180 A to 2350 A, Note the Mg II
emission lines at 2796 A and 2803 A (1ine 3 of the spectrum).
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The instrument was equipped with a motor driven shutter amd fils trens-
port mechanism which automatically provided exposures of 0.1, 0.6, and 3.0
seconds. Thic exposure cycle was repeated over and over until the rocket
was well past the top of the flight, after vhich the remsining fils, 1if

any, was wound up into an armor steel cassette. ZEastaan ultraviolet sensi-
tised type 103-0 film was used.

SECTION III - She Spectra

Because of the changes in rocket orientation referred to adbove, many
of the spectra were either dlurred or of lov demsity. Densitometer traces
of three of the best spestra are reproduced in Fig. 7.

Tig. 7A is the trace of the high-resolution spectrum of Fig. 6.

Fig. 7B is the trace of a spectrum taken at 35 kam on Ootoder 10. It
was not used in the analysis, dut is of interest since it shows the sbort-
est solar wavelengths observed - 2100 A or lese - and also shows the often-
predicted "window" in this region between the absorption bdands of O and O3.
The rediation detween 2800 A and 3630 A 1s adsorbved by the residusl osone
adbove the spectrogreph.

Fig. 7C is the trace of another Octoder 10 spectrum, taken at 55 km.
At this altitude less than 1% of the total osone remained detween the in-

strument and the sun so that the entire spectral region obscured at 35 km
may bde seen.

SECTION IV ~ Wavelengths

Most of the wavelength determinations are dased on visual comparator
observations, A few unresolved and weak lines showing up on the tracings
in the short wavelength regions were taken from the densitome.~r traces,
These are denoted by a D follovwing the observed wavelengths in “able II.

Several determinations were made by independent observers. The con-
stants for the wavelength equations were chosen to give the best overall fit
for fourteen strong lines of Fo I and Ye II distributed through the spectrum
The probable wavelength error for other lines varies from 0.2 4 to 1.0 A
depending on sharpness and freedoa from bdlending.

‘r'fr' "‘;J iy

e ' 3
::‘;::I Inis £ilm tozether with others taken at different altitudes on thé same Yo
- flight were used to _determine the vertical distribution of ¢sone in the

e earth's atmosphere.6
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Pig. 7. Densitometer tracings of solar spectrum. (A) Spectrum No. 43
taken at 75 km on March 7, 1947. The bdlisters which may be seen on Fig. 6
at 2670 A and 2970 A are shown by the word FILM and a 1imit bracket. (B)
Spectrum No. 23 taken at 35 km on October 10, 1946. Compressed wavelength
scale used to emphasize the "hump” near 2200 A. (C) Spectrum No. 29 taksen
at 55 km on October 10, 1946. Below 2415 A the resolution of No. 43 is
inferior to that of No. 29 because of its very low density.
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ECTION V - Intensities

Nost of the intenaity satimates lrt visual. The scale is similar to
that wsed in the revised Rowland tadle, O which mesns that it ie an approxi- RN
mate measure of the central core inteneity amd width of the lines. A com- > o
parative study of ths rooxet spectra, the Bowland Tadle, and a tedle of el
s0iar lines prepared by Badoock and Koore from Mt. Wilson plates!l showel SRR
that the weakest observadle lines in the rocket spectra corresponded ST
roughly to a Rovland intensity 3 while the strongest line had a Bowland in- .
tensity of adout 1000. Between 2650 A and 2388 A the numerical estimstes
veres droppod because of low density. JFor this region the notetions inm
Section VII are used. Below 2388 A it was considered that the resolution
of the spectrum of Fig. 7C was superior to that of Fig. 7A, eince the high
density gave a greater freedom from graininess. For this region the former
spectrua was used and the numerical estimates were resumed.
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The spectrua in the rocket ultravioles region is more ocomplex than
that in the previcusly kmown region. There are several regions (s.g.,
3500-3580 A, Fig. 7A) in whieh the overlapping of meny strong lines pro-
duces a large genersl depression of the spectrum, such that the location of
the background contimmous spectrum can only be surmised. Cortain anomalies

in the visual catimates in such reglons resulted. ?Typical examples of this
effect are cited in Section VIII.

SECTION V] - Ilentifications

The features to be identified are listed in Table II. A Finding List
containing about 1200 entries arranged acoording to wavelength was prepared.
These entries represented the classified limes that might bde expected to
show up at the avafladle resolution. MNost of them were taken from umpub-
lished multiplet 1ists which Dr. C. E. N, Sitterly of the National Bureasu
of Standardsis using for the preparation of her mew Violet Nultiplet Tadle.

The finding 1iet was compared with the list o7 observsd femtures and
the likely contributors to sach observed line noted. In aome cases the
major contridutor or costridutors were sasily identified bdut more often
there were found to be several possidle contridutors.

A careful study of maltiplet relations and labdoretory intensities was
made to determine the relative importance of the various comtridutors. In
Col. 3 of the table prcbadle major contridutors are indicated by the symbol
? preceding the element addreviation. Abdsence of this syabol means either
the lime is mimor (lcss than 20%) or that evidence of its importance is
lacking. Ia cases of several possidle contridutors with little evidence as
to relative importance the laboratory wavelengths and intensities are omitted

10p4vision of Rowland's Preliminary Table of Solar Spectrus Vavelengthas.
Carnegie Institution of Vashiagton, 1938.

:f-,\ uhtrophn. J. Nt. Wilgon Contridution. In press.
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SROTIO8 VII - Symdols Used im Table 1i
Column I <. Obeerved Vavelengths.

1. Linec seen by four or mors observers are comsidered certain.
Doudtful lines are indicated by ! following the wavelength. Doudtful
lines showing clearly om densit-weter traces zre indicated dy D fol-
lowing the wavelength,

3. ) This symbdol links two wavelengths which form the extremes
) of a broad adsorption line or depressed feature. VYavelengths
) 1lieted bdetween the extremeos indicate imtermal etruscture.
Columa II « Observed Intensities.

1. Wumeriocal values range from 3 for the weakest observadle line wp
to 1000 for the strongess.

3. In certain low deneity regions the mumeriocal scale was dropped.
The notations used and their approximate mmerical equivaleats are as

followse!
8t (etrong) greater than 40
M (nediwm) 20 to 40
" (veak) less than 20

3. The following letters appearing after the intensity estiwates
indiocate special characteristics:

n - wide lime - probadly & Blend of coatributing lines separated
by 2 A or less.

N - wide line ~ mere than 2 A, VUsually used in conjunstion with
the parenthexis symdol in the wavelength column,

4! - may de doudle.

v - the 1ine ie :n imperfactly ree~lved violet component in the
ving of a stronges line.

"':l.. r - the line is an imperfecsly resolvei red compoment in the wing
e of a stronge® line,

<= Em - emission line.

v,

Y 20 line - intensity minimum at %the dase of an emission line.

Column III - Spectrum

1. ¢ denotes a major contributor.
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Oolumn IV - lLadoratory Wavelength

1. * This symbol indicates the exiatence of ancther line of the same
spectrum having the same laboratory wavelengtih.

N i

Oolumn ¥ ~ Ladoratory Intansities :I‘:,E.'::T:f::-':
S

1. Intensities were taken froam Mrs. Sitterly's aultiplet liets (Bee AN,
Section V). A discussion of her general notation and the types of A
scale nsed may de found on page XV uf her Revised Multiplet Tadle. 8 ;.. ..:;:j,q
Coluan VI - Multiplet Fumbers T

1. These are arditrary snmbers assigned to the multiplets for reference
purposes. See Tadle III, These muxbers are also used to ideatify
cortain multiplets in the text, e.g., Fo I 9 stands for multiplet #9

of the I'e I spectrum.

SEICTION VIII - Multiplets of Interest

A pumder of important sultiplets are shown in Fig. 7A. MNany others may
be picked out from Tadble Il by reference to the multiplet numders. Among
the more important multiplets are Fe I 9 and Si I 1, wvhich comdine to pro-
duce the large depression in the spectrum detween 3500 and 3550 A. 4 care-
ful examination of these two strong multiplets reveals some of the diffi-
culties of vigual observations of the original spectra. For example, the
two weak lines listed at 23514.5 A and 2616.2 A are attriduted to 3514.32
and 2516.11 of S4 I 1. They should bde very strong. LReference to the densi-
tometer record of Fig. 7A shows that these lines comdine with a droad line
at 2518.7 A to produce a large dspression in the spectrum. The apparent
veakness then comes from the close proximity of these lines to each other
and to other strong lines. 4lso note that 2518.7 and 2523.0 are broad and
flat dottomed. In contrast, other lines in this vicinity are gquite eharp.
This is clearly due to the fact that each of .ueses lines is doudle, each
reciving strong contridutions from doth S4{ I 1 and Fe I 9,

A second interesting pair of multiplets is Fe II 1 and Mn II 17, near
2600 A, Eagh of the thirtesn lines of the Fe II multiplet is resolved as
well as two Of the three MNn II 1ines. The third Mn line was seen dy some
obgervers as a shoulder to the violet side of the Fe line at 2607 A while

e other observers saw tke two as a single line. The densitometer trace shows
N that the shoulder is well defined and that doth lines are definitely present.
N

?'8 SBCTION IX - Energy Distridution

Ny

(| Intensity calidration marks were put on each fils prior to the flight

oy using a carbon arc as a source of radiation of known energy distridution.

:

:‘:ﬁ 120nariotte E. Noore, "A Revised Naltiplet Tadle of Astrophysical Interest®,
L! Princeton University Observatory, Contidution Fo. 20.
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A curve of the solar energy distridution as a function of wavelength, de-
duced from the October 10 spectra, has already deen publi-hod.s Fig. 8 s S
& similar curve based on the March 7, 1947 spectra except that the abdsorp- : .o
tion 1ine structure is reproduced in more detail. Intensities are plotted _‘.._ .“
as percentages of the intensity values for a 6000° K black body. The Ddlack SRS
body curve was adjusted so that ite maxisum coincided with ths maximum of e
the solar intenuity curve at adout 4800 A and the intensity at this point EURIARN
vas taken to be 100 percent. . SRR
The Narch 7 spectrograph used a cylindirical mirror, so that the cali- . ‘ .1

bration spectra exhidited the change in width referred to in Section II. R
Densitometry of these spectra was so difficult that it was finally abdan- IR
doned, and the H and D chareacteristic curves of the October 10 film were o o
used instead.

Developing conditions were carefully controlled, and the two filme
were from the same emulsion lot. The uncertainty in film contrast ()
value is therefore probadly lese than 10%. For the density range of 1.9
represented in Fig. 8, the maximum uncertainty would be 0.19 in doneity,
0.125 in log intensity, or 0.10 in intensity.

Of particular interest in Fig. 8 1s the region surrounding the great
Ng II pair at 2803 and 2796 A. The wings of thcse two lines clearly ex-
tend out 25 A or more to either side and may extend much farther still,
Presumadbly, this magnesium adsorption occurs deep in the reversing layer
where prassure droadening effects are large.
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¥ig. 8. Spectrum No. 43 replotted on a linear intensity scale relative to
intensity of a dlack body at 6000° K.
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In the "bwottom" of the ahsorption valley three maxima may de moted.
Two of these coincide within a fraction of an Angstrom with the known wave-
lengths of the magnesiuam lines and are undouttedly due to the emission of
these lines in & high tespersture, low pressure region high in the sun's ® ®
atmosphere. The third peak in the center is the result of the intersection
of the rising slopes of the two droad absorption lines., It 1is interesting
to note that ia Fig, 7A, the emission peaks are pointed, correspondint to "-.;-f'_}:'.‘_f
the characteristic response of the spectrograph for isolated lines, while o
the third peak is of a rounded nature. The intensity minima to either side
of the emission lines are odviously not central cores of true absorption N )
lines. They are 1isted in Tadle Il with the notation "no line". N

Y
@

Dr. D. B, Nengsel of Harvard predicted that these emission lines would
be found ia great strength, He alsc wae the first to point them out in the
rocket spectra, In the previously Xnown regions of the solar spectrum, only
H and X of Ca II show emission in the total sun, and they are weak in com-
parison vith the Mg II pair.

The shape of the Mg emission lines is undoudtedly determined primar-
ily by the response characteristic of the spectrograph., 2803 A shows up
as would a very sharp line. There is some suggestion, however, that 3796 A
may b2 slightly droadened, indicating a true line-width of the order of
1 A, The true intensities of these lines must be somewhat greater than ia
shown in Fig. 8, and they might be several times zreater.

Saction X - Bands

The concept of the band interpretation camse about from the failure
of an attempt to explain the structure bYetween 3200 A and 2280 A in terms
of atomic lines. A large number of lines of Fe I and Fe II exist in this AT
region but no assumed values of multiplet strengths were adle to account
for the observed structure. Yor instance, although the region bdetween Sl
3255 A and 2279 A is clearly deprsssed below the regions to either side, el
one can find no corresponding increase in either the number or the strength L, pospas
of the Fe lines in this region. Other regions that may be caused dy bands DR,
lie from 2440 A to 2470 A and from 2205 A to 2221 A, although part of the
structure in the latter region may bde caused by the multiplet Si I 2.

It 1s not the purpose of this paper to analyze the possidle dand SR
spectra involved, dut it might de noted that there does exist a strong band @
of nitric oxide centered at 2264 A, Leifsonl3 has shown that a layer of NO RSN

N .
N only 0.5 mm thick (NTP) produces appreciable absorption in this bdand. The
S spectrus of Fig. 7C was taken at 55 km, at which altitude the residual at- -
::-j'_ mosphere adbove the spsctrograph wvas equivalent to about 5 meters of air at AR,
ot ETP., Consequently, an aversge concentration of only 0.01% of WO in the PR
@ cuter atmosphere would be detectable. o

-
[

i 135, ¥, Leifson, Ap. J. 63, 73, (1926)
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NOTES FOR TABLE II RO

Most of the following notes serve to call attention to features on the . \.Q{
densitometer traces of Figure 7 that are not apparent in Table II, All refer- i::k‘#:ut
ences to structure apply to Figure 7, \;Q}tjxfg
AR \:r';\

2966.0 Wavelength discrepancy possibly due to blister on film, :fi&ij{}:
INEREY

2923,7 - 2917.7 Depressed region, Probably contains V II 13 and 14 .Q
and others.,

2893.8 - 2886,5 Depressed region,

2878.5 Probable error in visual wavelength caused by neighbor-
ing Si I line., .

2865.0 = 284,0,0 Wings of Mg I 1, 2852,)2 A, Several small inflections show
in either wing. These ars probably due to Na I 1, CR II 4
and several multiplets of Fe 1I,

2825.8 Unresolved line in violet wing, possibly Cu I, 2824.7 A.

2825,0 = 2775.0 Wings of Mg II 1, 2802,698 and 2795.523. Most of the
numerous inflections which may Le seen in the traces
were excluded from the Table, Betwsen 2812.,7 A and
2810,3 A, the depression below the wing corntour is
pronounced. This is attributed to Co I 186 and 188,
and V II 59, in addition to the lines tabulated.

2821,.7 Four partially resolved lines fill the region between
2423,1 and 2421,0., These are identified as Fe I LY,
23,28, Cr II 15, 22,37, Co I 198, 21.74 plus the lines
in the Table,

2711,7 -~ 2705,9 Broad uniform absorption apparently caused by numerous
closely spaced lines, Six individual peaks are re-
solved on the trace,

2689,4 -~ 2687,0 Moderate absorption between 2691 A and 2687 A on which
is superimposed the listed line,

2669.4 Unresolved line in violet wing, probably Cr II 7,

2661.5 Unresolved line in violet wing, probably Al I 1, 2660,39 A.
o 2650.7 Unresolved line in red wing, probably Al I 1, 265248,
: 2562,6 Ca I 14, 2564.07 and 2565.17, probably present in red wing,

x> 19
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2516,2 See Section VIII for discussion of true intensity of the
lines in this region,

24,98,5 - 21,96.4 Weak general depression, probably caused by Fe I, Fe II,
and Cr I, but the ultimate lines of B I 1, 2497.73 A and
2,96,78 A may be present. '

2,98,0 - 2475.0 Large general depressed region apparently caused by many
lines of Fe I and Fe II,

2475.0 « 2442,0 Large general depressed region. The many lines of Fe I
and Fe II present here are apparently unable to account
for this feature. May be caused by unidentified band.

24,56,1 The As I 2456,53 line was considered at the suggestion of
Dr. H. N, Russell, The high excitation potential, 6.37 volts,
and inconclusive evidence for As in the sun make this iden-
tification doubtful without further evidence, Other lines
of As I in the region photographed are badly masked.

2395.5 Possible unidentified strong line at 2394 A,

2292,0 - 2200,0 Ses Section X,

S L AL
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TABLE 1
MULTIPLETS AND EXCITATION POTENTIALS
Mult, E. P. Mult. E. P. Mult, E. P,
No. Low Multiplet No. Low Multiplet No. Low Multiplet
Al I Cr 11 (Continued) Fell
(] L} 4 0
1 0.00 3p'P°-5s'S 5 1.48 a’D-2'P 1 0.00 a'D-z'D
7 1.48 a’D-2'D’ 2 0.00 a*D-z'F°
ALn , 9 2.41 a*D-2'D° 3 0.00 a'D-2'p°
1 0
1 0,00 3IS;3 ‘l’ 14 3.72 a.H _‘.“o 43 0.23 a‘F_z‘Do
3 T3 YP-4s 15 m a‘H-2'r 1 0.98 a'D-2'F°
B I ‘ 20 3.84 a'F-z'6° 72 0.98 a'D-z°p’
t 0.00 2p’P°-3s’S 25 413 h'G-y'F° 73 0,98 a‘D-2'F°
c 1 b 4.13 b'G-yH° 74 0.98 a'D-zD°
2 20 4+ and
1 2.67 2p' |s_ss|po 31 4.90 ¢'G-xF 5 0.98 a*D-2'P
32 413 b'G-x‘G° o4 1.66 a'p-z'p°
ce : 0.00 e Rigd Fel 2217 2.62 a'H-zG°
' 4s-5® L 0.0 Sp.y'nd | 228 262 a*H-2'H°
14 1.87 °p°.34'9°p . y .
2 0.00 2’D-v'F° 230 2,62 a'H-z
Col 3 0.00 2D-2'p" 248 2.79 b'F-2'G°
0.00 a'F-y’Gc’ 4 0.00 a°D-2'G° 254 2,79 b'F-y*F°
5 0.00 a‘F-y'p° n 0.00 'D-y'P° 285 3.14 a'G-2G¢"
0.00 a'F-x*'F° 8 0.00 a'D-y*D° 286 3.14 a'G-z'H’
10 0.00 a'F-x'G° 0 0.00 D-x'D° 288 3.14 a'G-z1°
14 0,00 a‘f-w'D° 10 0.00 2'D-x"F° 290 3.14 aG-y'F’
4 - 40 - 2
65 0.43 b.F x‘oo 1 0.00 a'D-y'P° 292 3.14 a'G zzl"o
68 0.43 b'F -x‘F 13 0.00 2*D-x*P° 297 3.14 a'G-2’H g'_gg:}tr;_:;;.;
4 40 0 o o )
73 0.43 b‘F-w‘ Do 16 0.00 2*D-w'D° 298 3.14 a‘G-x‘Go NSNS
4
186 1.87 b.P-s.Do 17 0.00 a'D-w'F? 300 3.14 a'G-y'H
2 1
188 1.87 b:P-v: 12 " 0.86 OF -x*F° 314 3.18 b p-z‘c.u
2 2
198 2.13 a’G-t’F 48 0.86 OF-x*P° 315 3.18 b*P-2°D
] 40
Coll 49 0.86 a*F-y°G° 316 3.18 b'P-y Do
2 2
1 0.41 4s°F-4p°F° 50 0.86 2'F-2°H° 320 3.18 b'P-2°P
2 1]
4 1.21 4S°F-4p°G° 51 0.86 T 333 3.23 b*H-z*H
. n 3 0
13 5.99 4p°G°-5s°F 52 0.86 PP’ 37 3.23 b*H-2°G'
> 2
14 581 WC5SF | sa o6 CF D 38 3.23 b'H-2'r
357 3.37 a’F-z'G°
Crl e seo 57 0.86 a’F-x°G° 359 3.37 a’F-2'p°
4 0.94 315": po 94 1.48 a’F-u®D’ 386 3.75 bG-2'F°
8 0.00 a's-x'P 126 2.17 a’p-t°*D° 387 3.75 b’G-y’G"
9 0.96 a®D-y*D° 139 2.27 a’P-u’D’ o 20i0
g . - 388 3.15 b*G-2°H
11 U.96 a,D- ' 174 2.68 a’G-v H® 389 3.75 b'G-x'G°
17 0.96 a’D-up Sm 1erd 392 3.75 b’G-y’H°
20 0.96 a®D-u’F° 175 2.68 a'G-x'H
: . - 2 68 G 393 3.75 b’G-y*F°
ng cru . a’G-s'G 394 3.75 b*G-x’G°
ol 4 1.48 a’D-2°F° 194 3.22 b*H-t’H° 410 3.87 b*D-w'F°
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TABLE 11l (Cont.)
I Mult. E. P, Mulit, E. P. Mult, E. P.
" No. Low Multiplet No. Low Multiplet No, Low Multiplet
I-.\
'::: Fe II (Continued) Ni I Ti I
X an 3.87 b*D-w*D 9 0.00 a’F-w'D° 13 1.22 a’P-x’D°
N 443 4.13 c’G-xH"® 10 0.00 a’F-y'G° uls 1.22 b'P-y*P°
v
3.
Mgl 11 0.00 a’F-w Fo 2 0.00 aCF -V‘Do
; 3 Ind
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CHAPTER III RO

THE V.2 AS A RESEARCH VEHICLE
Introduction

Further progross was sade toward improving the usefulness of the V.2
&8s a research vehicle. The warhead was modified in seversl ways, larger
pressurized housings were constructed for use in the control chambder, and
experiments were conducted in the midsection. The details are given in
Section A, Determination of rocket attitude during flight is discussed in
Section B,

A. Instrumentation Techniques Employed in the V-2 Rockets Fired
on May 15, and July 10, 1947 and Janvary 22, 1948

by
T. A, Bergstralh and C. P, Smith

1. The May 15, 1947 V.2

The instrumentation of V-2 rocket no. 26, fired on May 15, 1947, fol-
lowed the pattern used in the rockets of the third cycle.! The heavy sieel
forward section was replaced by a cone constructed of 1.6 mm (0.062 in.)
steel. This cone housed the gages for ram pressure measuresent at the nose
tip, two lonisation gages and two Pirani gages for pressure measurement,
and two elements for determining the skin temperature. A cosmic ray Geiger
counter telescope was mounted in the forward section of the warhead proper.
In order to reduce the mass of material in the solid angle vieved dy tele-
scope the upper access door was made of 1.6 mm (0.062 1n.) steel, and a

30.5 om x 30.5 cm (1 ft x 1 ft) section detween the lower access doors was
RN removed and replaced by 1.6 mm (0.062 in.) steel. The iomosphere transmit-
N ter was mounted on track members bdetween the lower access doors. The method
bas » was the same &s that employed in missile no. 21, fired on March 7, 1047.1
M A roll gyroscope was mounted on the gyroscope plate im the control chambder.
O Two K-25 aircraft csaeras were mounted in the midsection. This installa-
o tion was identical to that used in missile mo. 21.2
2y
P fa
y
F:":‘-..
sj:'. lHaval Research Laborstory Report ¥o. R-3171, Chapter III.
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The warhead of this roocket wae
altered consideradly ia order to
permit the installation of a very
large cosmic ray telesccpe. Fig. 9
1s a photograph of this warhead.

The shell was cut at the level of
the dottom edze of the lower access,
doors, 40.6 om (16 in.) forward of
the base. The upper portion consist-
od of a oconical aluminum section
1.62 = (62.2 1n.) in length. The
lower 76.3 cm (30 in.) of thie cone
was constructed of 3.5 mm (0.103 in.)
aluminum. The next 81.8 om (33.2
in.) was made of 1.6 mm (G.064 in.)
sluminum, A positive ion gage was
mounted at the tip of the conme.

Sinoce the entire warhead sec-
tion was ocoupied by the cosmic ray
telescope and its electronics, the
balance of the experimental equip-
ment had to be located eleevhere in
tbe rocket. That portion of the re-
paining electronic equipment which
used high voltages was enclosed in a
pressurised housing. The assemdly
is seen in Fig. 10. It was mounted
in quedrant IV of the coatrol cham-
ber, ss show in Fig. 11, The pri-
nary power batteries also vere
placed in a pressurised container
which was located in the control
chamber. Equipments which did not
require high voltages, o. g. the
prograa timer, the telemetering sub-
- commutator etc., were not pressur-

ised. Tlhree attitude gyrosccpes F 9. The J 0. 1947 nead .
were mounted in the control chamber ig. 9. “he July 10, 1947 war

LI 2,
'!' - .
- y L4
o, B .

lt:.':: on the main gyroscope plate. The

o instrumentation in the afterdbody of this missile consisted of a generating
o~ voltmeter installed in the midsection between the fuel tanks, and a cosmic
?:I} ray catera recorder mounted in the tail section. The recorder installation
e was identical to the one used in missile no. 21.3

A disgram suowing all of the wiring for the experimental squipment in-
N stalled in the missile by the lNaval Research Laboratory is givexr in Figs.
e 12 and 13.

S

'@ %Naval Ressarch Laboratory Report No. R-3171, Ohapter IV, Section D.
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Fig. 10, Electronic equipment
mounted in a pressuriged housing.
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July 10, 1947 missile, part I.

Fig. 12.
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o 3, The January 23, 1948 V-2

. The warhead used om this rocket
n was similar to the one employed. on
March 7, 1947.%4 The only difference
L lay in the fact that the forward

, nose cone of the January warhead was
constructed entirely of aluminun,
N The warhsad is shown in Fig. 14.

The nose tip was occupied by a posi-
tive ion gage which was somewhat
larger than, tut otherwiss similar
to, the type used on July 10, 1947,
The gage may be seen in Figs. 14 and
15, The center conductor contained
an aperture which made 1! possidle
to make ram pressure measurements.

St et

Ty
.« b
1 Ta e

The noee cone section of the
warhead was used to house the ionos-
phere tranomitter and electromic
units for the positive ion gage and

NN
the generating voltmeter. These are . ;-I’ :Z‘
shown in Fig. 16. Aa electronic PRRITAR
unit sssociated with the cosmic ray SRR

Lt LY

clond chamber was suspended from the
bulkhead separating the two warhead
sections. It is visidle in Fig. 17.
The remaining space between the war-
hesd access doors vas occupied by
the primary power batteries. These
are also seen in Fig, 17, Two ion-
ization gages and two Philips gages
were mounted at 90" intervals on &
circumference 12.7 ca (5 in.) for-
ward of the warhead dase, Two
Piranil gages were mounted adjacent
to the Philips gages. All of these
instruments were exposed to the at-
mosphere through apertures in the
warhead as shown in Fig. 14. The

? remining equipments in the warhead,

S including the telemetering subcom-

o putator, the program timer, the

o Philips gage battery, and the ionim- ,

e tion gage control uni®, were mounted Fig. 14. The Jamuary 22, 1948 warbead.

%%aval Research Laboratory Report No. B-3171, Chapter III, Section B.
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on a rack which was installed as a complete unit in the base of the warhead. RSN
The assembly appears in Fig, 18. The warhead was counterweighted by a 7.6 CNGIC
centimeter (3 inch) layer of lead attached to the base. S

The cosmic ray cloud chamber assembly, including the pressure systenm,
camera, and batteries, was installed in gquadrant I of the control chambder.
It is shown in Fig., 34, The telemetering transmitter and the control panel
for the research equipment were relocated to quadrant IV, This change was
necessitated by the fact that quadrant I was almost wholly occupied by the
cloud chamber equipment. Three attitude gyroscopee were installed on the
rain gyroscope plate in the control chambder.

The midsection installation included a generating voltmeter similar to
those used in May 15, and July 10, 1947. The midsection also included
equipment for spinning the rocket. Seven Pirani gagea were mounted in the
tail section 15 centimeters forward of the leading edge of the fins. Four

of the gages were located at fin I, the remaining three were located at
fin 111,
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rig. 16. The ionosphere transmitter, the generating voltmeter electronics,
and the positive ion gage electronics mounted in the nose cone section of
the warhead.
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B, Rocket Attitude Determination by Means of Gyroscopes n
R
L - by N *_. “..- =
)y e
H. Spits TN

An exsct knovledge of the attitule and aspect of the V-2 at all times
during flight is essential to proper inmterpretation of the data obtained
in many of the rocket experiments. These data may depend upon the missile's
angle of attack, upon the angle bdetween some axis fixed in the equipment
and & 1line to the sun, or upon angles measured with respect to other instan-
tanecusly fixed axes. In such cases, the key relations are those associated
with the Bulerian angles (cf. Fig. 19) between a set of orthogonal axes
fixed in the rocket and a similar set, on the same origin, whose directions
are fixed in space. These angles completely specify the attitude of the

rocket, Hence any other angular information desired may de determined from
them.

Gyroscopes are potentially able of furnishing aspect information
wvith a high degree of precision. 7urthersere, this information is presented
in s form which is suitadle for telemetering. It is not possidle in general,
however, to read either yav and pitch or the Bulerian angles directly with
standard mounting arrangements.

The purpose of the present discussion is to derive analytical expres-
sions relating the Bulerian angles to the angles actually resd from three
gyroscopes mounted in a rocket in a particular fashion.

i‘: Each of the gyroscepes used in this application consists of a gyro-

R wisel mounted in two gimbals. The gyrowheel axis is perpendicular to the

Ao inner gimbsl axis, which in turn is perpendicular to the outer gimbal

N axis. These three axes are oriented so as to be mutually perpendicular at
take-off. The outer gimdal axis is fixed in the rocket. The angle through

AN vhich this gimbal rotates with respect to the missile is converted to a

R voltage and telemetered to earth. The voltage is reconverted to an angle

NN through the use of suitable calidbratiuvn procedures.

e

N Three gyroscopes are mountad in the rocket as shown in Fig. 20, The

?.'—’ outer gimbal axis of ome of these (cf. Pig. 20(c)) 1is parallel to the prin-

- cipal axis of the missile. This gyroscope measures the amount of roll

R directly.
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The V-2 is axially symmetric. The fact that the course of a normal
flight {s toward the north, however, makes it possible to distinguish yaw
from pitch in a manner which is consistent with the usual convention. Pitch
is defined as a rotation of the rocket's principal aris (or its projection)
in the meridian plane. Yaw is defined similarly with respect to the east-
west vertical plane. This is {llustrated in Fig. 21. The "pitch" gyroscope
is therefore mounted in such a way that its outer gimbal axis is normal to
the meridian plane at take-off. When so mounted, this instrument will read
pitch directly in the special case where no yaw or roll has taken place.

In the fenersal case, however, the situation is more complicated. Similar
remarks apply to the "yaw" gyroscope.

The general cass may be analyted as follows. The geometrical quantities
which enter the discussion are all indicated in Fig, 22. Three sets of
axes are employed. E, N and V are fixed in space, X, Y and Z are fixed in
the rocket, and x, y and 3 are fixed in the gyroscope. In each case x is
the outer gimval axis, y is the inner gimdal axis and z is the gyrowheel
axis. £ is fixed in space and, as noted previously, X is fixed in the
rocket and perpendicular to y, while y is perpendicular to z. E, N, V and
X, T, Z coincide at take-off. @ ,PD and U are the Enlerian anzles
between these two sets of axes, OK being the intersection of the planes
EON and XOY. a, b and ¢ are the angles actually measured, i.e. the angles
through which the outer gimbals have rotated wich respect to the rocket.

v v
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o
b
b
SR
‘L S
N
e
e

AXES FIXED IN SBACE: E,N,V
AXES FIXED i KET: XY
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F1g. 22. Bocket and gyroscope orientations in the generasl case.
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In the case of the yaw gyroscope, y must always 1ie in the X0Z plane
(ef. Fig. 22a). It is evident that a unit vector in the y direction is
given dy

yp= cosa Xy + sina 2y, (1)

vhers the subdbscript "1' denotes a unit vector in the given direction. The

scalar product y) - sy must vanish, owiag to the orthogonality of y and z,
i.e.,

ylol1==y1-71=cong X * V3 +seinaz - V=0 (2)

The well-known relations® betwoen unit vectors in the directions of the two I.;ff:".‘_'-."_".":.*;
sets of axes B, N, V, and X, Y, Z are! AL

X, = (cos ¢ cos © cos W - sin @ sin Y )5 (3)
+ (810 coe © cosW +cos @ sin U )N, - sin © cos ¥ V) ,
Yy, =(- cosp cos € sin ¢ ~ sin @ cos ¥ )X, (4)

+(- sin¢ cos 0 siny +cosP cos Y )N, + sin 6 sin W' V) ,

21 =cos¢ sin 0 ) +sinp sin O N, + cos 8V, . (5)

Substitution of (3) and (5) in (2) yields

cos 8 (-« sin ® cos /) + sin & cos 6 =0 ,

wvhich may be written as

tana =tan © cos Y . (6)

Similarly in Fig. 22v,

yl=conb Yl - sind 2y ,

and
N =y Vy=cosd N - Vy-etndZ - N =0
:ﬂ Using relations (4) and (5) we arrive at
R
e tan b = tan @ sin Y. (?)
Fon
RS
e 5c¢. Mnittaxer, E. T., Avalytical Dynamics, Fourth Edition, Dover Publica-
T tioms, Few York, 1944, p. 10.
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For the roll gyroscope

Y3 =008 ¢X) -sinoc Xy,

yl.31= yl.]'1= 0,
which upon sudstitution of (3) and (4) gives

tamn ¢ ooV +tan P con 8 | (8)

l e tanystang cos &

Solving equations (6) amd (7) simmltanecusly for © aud ¥ we obtain

tan e=Vtan3. + tand » (9)

ten y =-taa® (10)

Equation (8) yields a relation for ¢
tenc - tan ¥

tan § = ’
cos ® (1 4+ tan Y tan ¢ )

tan ¢ = tan (o - V) (11)

cos O

Taus, from the readings a, b ard ¢ obtained from the gyroscopes, the
Eulerian angles characterising the rocket's orientation may be determined
by means of equations 9, 10 and 1l.
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CHAPTER IV

THE COSMIC RAY EXPERINENTS

Introduotion

The counter telescope experiments which were attempted in the V-3
firings on May 15 and July 10, 1947 were direct outgrowths of the section's
previous rocket research. The May experiment singled out the non-primery
cosmio-rey elactrons for further investigation. Thies componeant had been
observed during two previous V-3 flights, on Janmuary 10, and March 7,
19471, The July experiment came from the results of measurements made im
the March missile. The May 15 and July 10 counter telescope experiments
are treated in Sections A and B, respeotively. The new developments which
were incorporated in the sleotronic equipment designed for these experi-
ments are detailed in Section C,

The firet attempt to obtain cloud chamder photographs of cosmic ray
events above the earth's atmosphere was made in the V-2 fired on January
23, 1948. Twelve pictures were taken at altitudes ranging up to the peak
of the trajectory, vhich occurred at 157.9 kilometers above sea level.
Five of the photocraphs were obtained above the 140 kilometer level. One
of those appears in the Frontispiece. The first four in the series had
good clarity, dut a cumlative increase in dackground tended to limit the
value of the later pictures. A detailed analysis of ths photographs is
now being carried out and will de reported upon when completed. A descrip-
tion of the cloud chamber is given in Section D, The electronics which
were nused to eontrol it, both remotely during pre-flisht calidrations
and automatically during flight, are discuseed in Section B.
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l¥aval Besearch Laboratory Report No. R-3171, Chapter IV, Sections A and B.
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CHAPTER 1V :
YHE COSNIG RAY EXPRRIMENTS P
A, The Counter Telescope Experiment of May 15, 1947 ::-f:'."l".:::.'i:i;:
by .

B, Howland, G, J, Perlow and J. D. Shipman, Jr.

This experiment was designed to furnish further evidence concerning
the nature of the non-primary cosmic ray electron component previously
observed in the rocket experiments. Data odtained in two earlier flights,
on Jamary 10 and March 7, 1947, indicated the presence above the earth's
atmosphere of ionising particles capable of being adsorded in a few centi-
meters of lead. On the basis of a hypothesis put forwvard by J, A, Wheeler,
these particles were tentatively assumed to be eleotrons arising from the
decay of lovw snergy cosmic-ray mesons. Decay electrons having an initial
upward direction would describe helical paths about the sarth's magnetic
field lines, and re-enter the atmosphere within amall conjugate regions
having geomagnetic latitudes opposite to those of the points of their
origin. This conception of the phencmenon implies the existence of an
observable upward intensity of soft electrens.

The May 15 experiment put the circulating electron hypothesis to a
nore definitive test. To this end, a doudle counter telescope was designed
and constructed. Three views of the instrument are given in Figs. 23 and
24 and in Fig. 26. One of the telescopes, inclined at an angle of 45° to
the rocket's principal axis, registered ths conventional dowaward soft
intensity. The other looked in the opposite direction; i.e¢. it had a
senith angle of 135° relative to the rocket. 4 portion of the latter
telescope as it was installed in the V-2 warhead is visidble in Fig. 31. The
geometrical details of the twin telescopes are indicated in Fig. 25. This
arrangement permitted the measurement of the relative magnitudes of the
soft components of the upward and downward fluxes. The presence of com-
parable magnitudes would constitute strong experimental support for the
circulating electron hypothesis.

Counters 1, 2 and 3, in coincidence with each other and in anticoin-
cidence with counters X, served to define a downward beam. This beam was
incident upon the first absorbder which consisted of a 2.5 ca thickness of
lead. Particles penetrating this adsorder were detected dy the next dank
of counters, labelled 4, which completely covered the incident solid angle.
Penetration of the next 2 cm thickness of absorder was similarly determined
by the bank of counters labelled 4'. The counter- in each of these banks
were electronically parallelled in groups of three. Hence, in each bank, a
shower was capable of being detected dy any oneof the three-fold coincidences

designated by the subseripts a, b and ¢. As can be seen from the figure
the lover telescope which studied the upward besm was identical with the
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Tig. 24. Viev of the May 15, 1947 counter telescope showing the lead
absorders in place.
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Fig. 26. Schematic drawing of the May 15, 1947 counter telescope.

upper one. The direction of a penetrating particle traversing both tele-
scopes is not identified. Such a particle, having penetrated seven centi-
meters of lead, would be identified as deing hard, howvever, and would not
belong to the class of particles under study in this expsriment.

The top~-most absorber served a doudle function: firet, as has already
been indicated, to identify soft particles incident from adove, and secondly,
to furnish a means of distinguishing beiween gamma rays or neutral particles
incident from above, and soft particles incident from below. For example,
a8 hard gamma ray incident upon the top absorber would be converted into an
i electron pair. If one of these elecirons had sufficient energy, it would
e register in trays 4 and 4', and the Tbwer telescope 1', 2', 3'. Such a
e particle would, in general, be indistinguishable from a hard particle
';»:' coning from above, dut it could not be confused with A soft particle coming

Y] fren below.

=

::* This rocket exploded accidentally 64 seconde after take-off., As a

‘-:: result, only meagre statistics were obtained. These are presented in

e Table IV, They indicate that prior to the explosion the mumber of particles
= incident from below war comparable to the number incident from abvove. This

k result is interpreted as being in agreement with the circulating electron
o hyrnthesis.
» L8
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THE COSMIC RAY EXPERIMENTS

B. The Counter Zelescope Bxperiment of July 10, 1947

by
S. B, Golian and E. H, Kramse

The objeotives of this experiment were suggested by certain facts re-
vealed in the V~»2 cosmio-ray experiment of March 7, 19472, The large mua-
ber of penstrating showers registered in that experiment were apparently
due to the increased amount of material of high atosic number in the immedi-
ate vicinity of ths counter telescope. This material, heavy lead shielding,
had been installed to absord the showers which were thought to have bdeen dune
chiefly to electrons. The March 7 experiment demonstrated, however, that
the showers were consideradly more penetrating than those usually generated
by electrons.

The July 10 experiment had as its purpose the investigation of this
primary shower process. The design adopted permitted the observation of
three important characteristics of the showers, their points of origin, their
extent, and their penetrating pover. Two steps were takea to diminish the
presence of unidentified electron showers in the data. Tirst, almost all of
the lead shielding was removed, and the warhead wvas constructed of material
having the minimum thickness and atomic number consistent with safety. BSec-
ondly, shower protection was furnished by extensive danks of aniicoincidence
counters, Thess were grouped in such a way as to shed 1light on the question
of where the showers originated. The associaied circuitry had provisions
for the identification of showers of many particles. The penetration of the
showvers vas tested by three 6 em lead adsorbers. These were of somevhat
greater thickness thar those employed in the March 7 design.

The data were recorded both by the telemetering system and by means of
a oamera recorder. JFifteen types of information were telemetered over thir-
teen channels by Quplexing two of the channels. These data and a time scale
were also recorded dy s twenty-channel camera recorder. The neen bulds
were mounted in a single line rather than staggered. Vtherwise, the instrue
ment was similar to the one emwployed in tke earlier flights.3

The July 10 flight was terminated prematurely and as a result only a
small quantity of data was obtained, The results were, ascordingly, incon-
clusive. Durixg the period of measurement, however, the incidence of roc-
ket showers was signi{ficantly less than in the March 7 experiment.

2Naval Ressarch Lavoratory Besearch Beport ¥No. BR-3171, Chapter IV, Seciion B.

3¥aval Besearch Laboratory Beport No. R-3030, Chapter IV, Section D.
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CHAPTER IV
THE COSMIC RAY EXPERIMENTS

C. Blectronics for the Counter Telescope Experiments
by

B. Howland, C. A, Schroeder,
and Jo Do Shipllan. J’o

The electronic technigues employed in the May 15 and July 10, 1947 roo-
ket experiments were, for the most part, similar to those used in the earlier
work. They were amply describded in previous articles.® Aa innovation was,
however, incorporated in the first of these two experiments.

The electronics chassie is often mounted at some distance from the Gel-
ger counters comprising the cosmic ray telescope. In the May 15 rocket, for
the first time, cathode followers were mounted directly om the -ounter tele-
scope fresme as shown in Fig. 26. 6K4 triodes were used in this application
(ef. Fig. 27). The nev arrangement obviated the need for doubdle shielding
the long leads connecting the counters with their electromics. Instead,
ordinary single-shielded leads were used for this purpose. The main elec-
tronics chassis may be ssen in Figs. 28 through 30, Its location in the V-2
wvarhead is shown in Fig. 31.

The modification also resulted in a somevhat larger counter pulse and
in greater sensitivity, The crosstalk difficulties were unfortunately in-
creased correspondingly. Their effect was minimized by taking advantage of
the difference in amplitude between the true and the spurious pulses. A
special circuit was desigmd for the grids of the imput amplifiers. RNach of
these grids wms returned to 28 through a 27,000 ohm resistor and a 470,000
ohm resistor in serics. The input connections were made in each case at the
junction point of these two resistors, as shown in Fig. 27. The quiescent
value at each of the grids was approximately +0.2 volts, and the quiescent
value at each of the imputs was approximately 413 volts. Thie grid oircuit

L_-J attenuated the crosstalk to a such greater degree than it attenuated the

m counter pulses. The 13 volt differential proved to be optimum for the pur-
e pose of distinguishing dbstween the counter pulses and srocstalk.

:',:'. As in previous flights, the number of telemetering channels avsilabdle
vas less than required. BHence, in the May 15 design, four of the eight chan-
:u:"n;‘.)' nels carried two types of information alternately. Parallel jumpers, mounted
O] externally, were used to duplex the output. OCoding was sccomplished by

CREN doudling the pulse length of one of the outputs in each pair. The commic rey
e events vers also recorded on a ten-channel camera recorder.

:::f;:'.'_

l-~'.._

e 4Naval Rosearch Laboratory Report No. R-3171, Ohapter IV, SBections O and D.
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The circuit disgram of the cosmic ray electronics employed on July 10 e
is given in Figs, 32 and 33. JFour of the events were duplexed on two of
the telemetering channels. The large number of events iavolving the eoin=
cidence 1, 2, 3 made it desiradle to develop this triple in three independent
circuits in order (o minimise crosstalk. The camera recorder employed in
thie miesile had twenty channels, giving it twice the capacity of previous

modele. Thue it was possidle to record each of the fifteen types of events
on a separate channel.
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Fig. 26. View of the May 15, 1947 comnter telescope showing the cathode
followerc mounted on the frame.
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Top view of the May 15, 1947 cosmic ray electronics chassis show-

30.
ing guard grille.

Mg.

chassis installed in the

1947 cosmic ray electronics

The May 15,
ad,

Fig. 31.

V-2 warhe
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Fig. 33. Circuit disgram of the July 10, 1947 cosmic ray electroaics, Part I.
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CHAPTER IV S

THE COSMIC RAY EXPERIMENTS i .__.;

RS i

D. The Cloud Chember NN,

SR

oy RN

S. B, Golian, C. Y. Johnson, 3. E, Krause ;‘-%" o )

and ¥, L, Kuder RN

Cloud chambders, one of which the Faval Research labdoratory flew in a Nl

Vo2 on January 22, 1948, are often used to investigate the characteristics e e
of elementary particles accurring singly or in relatively small groups. The
general principles of operation are as follows. A charged particle having
sufficient energy ionises atoms and molecules in the neighdorhood of ite
path, These newly-ionised particles are potentisl condensation muclei. The
cloud chamder takes advantage of their presence within it dy creating a
supersaturated gas (through expansion cooling), portions of which condense
upon the ioms to form droplets. The characteristics of the droplet track are
in general kmown functions of the incident particle's charscter, charge, mass,

and speed. To facilitate analysis, the tracks are usually photographed
sterecscopically.

Cloud chambers as normally used also enjoy the advantages which are
derivadle. from the gravitational field. The clearing of dreplets formed
on uncharged nmuclei is due to gravity. Since the V=2 is essentially a freely
falling body after Brennschluss, gravitatioual effects are not present in
the usual way. The V=2 cloud chamber used by NEL waus mounted at some dis-
tance from the rocket's axis, and thc rocket wae given a lpin.5 The cen-
trifugal force associated with the rockei's spin tlms afforded an alterna-
tive method for accelerating the droplets relatively to the cloud chamber.

The cloud chamber may be expanded randomly, i.e., without reference to
knowvledge of the passage of a particle,or it may be controlled by counters
to expand only when a particular type of event has occurred vithin it. In
the Jamuary 22 V-2 f1ight, random expansions were made; first, bdecav.. .his
was simpler; and, secondly, because vstimates of the flux indicated that
there would be many trecks in each expansion.

The chamber which was flown in the Yanuary 22 V.2 was of the pneumatic
type, 6 in. in diameter and 3 in. in depthk. The assembly associated with
1t 1s partially visidle in Fig. 34, and is diagrammed in Fig. 35. The
chamber proper consisted of a glass cylinder closed dy a plate glass top

BThe attespt to spin the V-2 was mot completely successful; & period of 39
seconds was odtained.
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and a rudder diaphragm bdase. An alunimum plate was cemented to this dia-
phrega, and the plate in turn was covered with dlack velvet to improve the
photographic resolution. A pair of one-centimeter parallel load plates
were mounted in the interior, dividing it into three chambders of wqual
characteristic length.6 The lead plates permit one to distinguish detveer
different types of particles dy obdserving abdeorption, shower production,
scattering and reduction in ionisation after a traversal. The plates also
served as electrodes for the clearing field.

A steel housing was dolted to the dase of the chamber. This housing,
which can de seen in Fig. 34, served to make the unit light-tight and also
to provide an intersediate-pressure reservoir of compressed air for the
operation of the chambder. mirrors and flash lsmps were mounted inside
this housing. The camers and the bdatteries and condensers used to operate
the lamps were mounted in separate ocontainers at the top of the main hous-
ing. The servo system assoociated with the expansion ratio control was also
mounted externally to the main housing, immediately below the cloud chamder,
All of these units, as well as a compressed air storage flask and a viring
dietridution unit, were mounted in quadrant 1 of the control compartaent in
the manner shown in Fig., 34.

The plane of the chamber made an angle of twenty degrees with a trans-
verse plane of the rocket.

The chamber wvas filled with a mixture of argon saturated by the vapor
of 0.9 e of ethyl alcohol and 0.6 cu® of water. This mixture was main-
tained at a pressure of two atmospheres,

Expansion was accomplished through moving the aluminum plate by com-
pressed air. The plate's excursion was determined by one fixed and one ad-
justable stop. 4An expansion retio of about 1.07 was used. A schematic
diagrsm of the pneumatic system is given in Fig. 36. Power for the expan-
sion was obtained from & nitrogen flask, charged initially at 2,000 psi
with & quantity of gas equivalent to seven cudic feet at ntp. The pressure
was veduced to that actually used in operating the chamber by two Grove
regulutor valves in series. The housing itself gerved as the lower-pressure
reservoir. Two Sylvania F1. 333 flash lamps in series provided the light
source for the photographs. They were flashed by three 32 [ f condensers
wvhich wore charged by a 2,400 volt battery. The flash time was estimated
at one millisecond. Light from the flash lamps was collimated dy & polished
reflector and a doubly~convex plastic lens. 7This arrangment gave two deaams,

"each one inch wide, which were redirected into the chamdber by aluaminum front
surface sirrors. Four fifty-candlepover lamps were used for visual obdbser-
vation.
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Sene characteristic length is the ratio of the enclosed volume to ths
enclosing surface. The rate at which a chamber's atmosphere cools is a
function of this matio, :
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A 35 mm Argus model A-2 camera was modified for the purposes of the ex- ti:i'
periment. It mounted a two-inch £/4.5 Wollensak enlarging lens. The camera RO
vas used without a shutter. FEastman Linograph ortho film aud an f/5.6 set- o
ting were used. An aluminum mirror, appropriately mounted, was used to ' )
provide the second image for the stereoscopy. RENRRA

The chamber was cycled once every twenty-five seconds by the control
electronics mounted in the warhead., This ecuipment, designed and construc-
ted especially for the purpose, is described in detail in the next section.
A complete cycle of operation was as follows. The cycle began with the re-
moval of the clearing fieid. Approximately 0.05 seconds later the expansion AR
was initiated. 4 mechanical linkage caused the resulting motion of the cham- -?J}ftfq

ber diaphragm to actuste a microswitch which controlled the flash lamp cir- rfﬁilﬂf
cuit, The lamps flashed 0.15 seconds after the sxpansion, exposing the e
film, Rscompression of the chambsr began shortly afterward. Simmltaneocusly RN
with this, the clearing field was reappiied and the film drive motor was
startei. This motor was wtopped, five to seven seconds later, when the
advancing of the film counter momentarily opened the circuit. The remain-
dor of the cycle was set aside for the clearing of the chambder.

The rocket motor is usually found more or less intact in the impact
wrockage, Accordingly, a length of half-inch steel elevator cable wvas
threeded through the midsection and anchored to tie motor., The other end
of the cable was attached to an eyebolt on the camera case, and to a one-
inch steel bar supported by extensions of the battery case. These latter
aachoring points are visible in Fig. 34,

The rocket came apart much later than usual im this flight. When it T
did; ehortly before impact, ths warhead and control chamber broke away from
the rest of the rocket in spite of the cables. These were severed. The "
warheal axd control chamber ertered the earth nose firet at about twenty ORI
degrees from the vertical. They dug a clean crater about eight feet in NSRRI
dianeter and six feet deep. The cloud chamber was totally destroyed, the
camera's contalner was broken open and the camera itself was smashed. The
film cartridge was found after two feet of earth were excavated in the
region of the control compartment which had been occuplied dy the cloud
chamtevr. The orater appears in Fig. 3 of Chapter I, and the remains of the
canera container and parts of the cables are shown in Fig. 37, Several
breal:s in the cables may be seen. )

The film wae successfully developed and a number of acceptadie photo-
graphs were obtainad, The analyeis of these is now in progress.
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THE COSMIC RAY ZXFERIMENTS “—L“—"

SR

E. Equipment for the Automatic and Remote KRR
Control of the Cloud Chambder : -

by

C. Y. Johnson, M. L, Kuder
and C. A, Schroednr

1. c ) ]

The proper operation of the cloud chamber required the occurrence of
& number of events according to a predetermined sequence. This sequence, or
cycle, of events was detailed in Section D. It was comtrolled automatically
by means of electronic equipmant vhich was specially designed and construc-
ted for the purpose. The equipment included ecircuits For doth counter-con-
trolled cyoling and periodic random cycling. Only the latter circuits were
used during this experiment. The equipment also had provisions for check-

ing the operation of the chamber during flight by means of voltages recorded
on the telemetering record,

The self-cycling control cireuit which was used in this expsriment is
shown 1n Fig. 38. It was a modified cathode-compled, blocked aultividrator,
consisting of the tubes labelled V-1 through Ved, and V-7. V-3 and Vel
ware normally conducting; V-2 was normally nom-condueting. V-7 supplied a
fixed 75 volt bias %o V-1, the trigger tube. Relay 1 was used to select
sither counter-cuntrolled or periodic cycling. In the January 22 experiment
it wan cperated energized, allowing the circuit to act as a freely-running
sultividbraior with a period of approximately 25 seconds. The period could
be varied by adjusting the value of the resistance in the discharge path of

the srid circuit of V-1. Provision was made to do this remotely by means
of relay 3.

The typical ssquence described in Section D was controlled by the

s slectronics as follows, Vel conducted, reversing the multivibrator and
t_-:-:-: energlsing relay 4 im the common plats circuit of the V-8 and V;;. Thiw
\ removed the clearing field and de-energized relay 5. The latte s a

F delay relay which opensd about 0.05 seconds later, energizing raYay 6.

BN This action opened the expansion valve, closed the compressicn valvs and,
T ia turn, euergised rslay 7. Vhen the dlaphragm reached tha proper point in
z_ﬂ the expansion, {t mechanically closed a microswitch which, in turn, closed
,.;-Z-‘_- rolay 9. The latter astion comnected the egrid of V-3 %o B<- through an r-c
- circuit. The cathode of V-8 was biused at +90 volts. Its zrid reached
ij}:’; apzroximately this level 0.15 seconds later and the tube conducted., The

energy stored in the flash lamp condensers was thereby released, flashing

the lamps, 4 second contact on relay 9 broke the B+ lead to prevent the
git'cnlt from osecillating.
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Filg. 38. Cirouit diagram of the cosmic ray cloud
chamber control clectroniocs.
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ﬁfﬂi The control multivibrator returned to the normal state after a short

P period. Thereupon the cycle of events reversed. KHelay 6 opened, closing SRR
- the expansion valve and opening the compression valve. Helay ? was & slow -
ﬂﬂ! release relay, hence the opening of relay 6 also energised self-locking re- » o

.y

lay 8. This started the film winding motor. A switch at the camera broke

|

<

the holding connection on relay 8 and stopped tne motor at the proper time. T
The grid of V-1 then contimmed t¢ rise toward -+70 volts during the remain- ujgfsgyj
der of the cycte. KRNI

R SR

s anin all aen B g
N < .
PR

o e L4
m Indications that the chamder expanded, the lamps flashed and the film » o)
- sdvanced in each cycle were telemetered to the ground staticn. A 100 ohm e
resistor in the grid return of the flash lamp dbatteries was used to furnish
a positive voltage to tealemetering during the charging of the flash storage
condenasrs. Suitabdle dividers placed across relays 8 and 9 gave step-func-
tion indications while the film was advancing and the chambsr was expanded,
respectively.

The circuits permitted the manual operation of the cloud chamder during
the testing periods before flight. Frovisions were included for a longer
expansion time, for disconnecting the camera motor, and for the use of con-
timuous illumination (by meane of ordinary incandescent lamps).

2. Ihe Remote Control Equipment

The zloud chamber was more sensitive in its operation than most of the
instruments used in the rocket studies. It was, therefore, particularly
important that it be possible to assess its performance and maxe certain
critical adjustments in the crucisl period immadiately before the firing.
The pature of the rocket operations was such that these evaluations and ad-
Justments had to be made remotely, for the most part. Accordingly, remcie
ccntrol equipment was built and installed to permit the atudy, operation
and regulation of the cloud chamber from the dleckhouse,

The apparatus consisted of a unit installed in the blockhouse, circuits
in the rocket and a fourteen-conductor cable conrecting them. The eyuipment
is illuetrated in Pig. 39, The cable entered the V-2 at a pullesway nlug
in the tail. A schematic diegram of the unit appears in Fig. 40.
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Two switches on the console panel were connected to relay 2, making it
possidble to cycle the cloud chamber either once or coatimuously. The most
important part of the remote equipment was the expansion contrcl unit. This
made it poessible both to determine what the expansion ratio actuully was,
and to change its value, The michanism controllinz the exvansion ratio
aleo determined the setting of 2 potentiometer in the rocket. An identical
potentiometer was mounted in the blockhouse remote control unit, and the two
vere fed from a common voltage supply. The two potentiometer arms were con-
nected through sensitive directional relay 18, two oppneite contacts of
Pl which were, in turn, connected to pilot lamps. %hen the two potentioneter
R arms had different settings, either one or the other of the pilot lamps
would be 11t; when they had identical settings, neither lamp would be 1lit.
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AN Thus the balance (or unbalance) of the potentiometer bdridze cirecnit was
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Fig. 39. The blockhouse unit of the cosmic ray cloud chamber remote control
electronics,

reflected in the balance (or unbalance) of the relay and the pilot lamp

i indicating circuit, By moving the potentiometer arm in the blockhouse and
\? observing the balance point as registered by the pilot lamps, it was possible
Qﬁ to know, in the blockhouse, the expansion ratio setting in the V-2,

N

ER Renote adjustment of the expansion ratio was accomplished by means of
E! the same circuit. The arms of relayec 16 and 17 were also connected. to a

e reversible d-c motor which drove the expansion ratio screw and indicating

Ao potentiometer through a gear train, When the relay was unbalanced, the

DX motor could be started by a switch at the blockhouse station, The direction
~ of rotation was determined by the relay and was always such as to decrease
o the difference between thas settings of the two potentiometers of the bridge.
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Vhen the balance was re-establishod, the bridge relay assumed its neutral
position. This opened the power circuit of the motor, stopping it aute- R
matically. Thus, it wae possidle for an operator in the bdlockhouse to Ll
cause either of the two bridge potentiometers to duplicate the setting of ‘o @

the other. ORENIN

The remote control equipment also irdicated, by means of relay~cperated
pilot lamps, vhether the chamber was in the expanded or compressed state,
and when it changed from one to the other. The unit included a counter
which could be switched into the circuit to record the total number of ex-
pensions occurring after any given time. Provision was made for reading
the temperatures at two points on the cloud chamber. Thermistors, embedded
in the upper and lower rings of the chamber, were comnected to the block-
house where their resistances and the corresponding temperatures could be
ascertained. The meter shown in Fig. 39 indicated the value of the voltage
supplied to the equipment in the rocket.

Several error preventing provisions were incorporated in the remote
control equipment. For example, the changing of the expansion ratio while
the chamber was expanded might damage the gearing. Hence, power for the
rocket expansion ratio control motor was supplied through relay 11, which
was closed only when the chamber was in the compressed state.

The remote control equipment made it possidle to make all the necessary
adjustments to the cloud chamber from the dlockhouse during the critical
period immediately bvefore the firing. The electronic control equipment
installed in the rocket operated the cloud chamber automatically throughout
the flight, and furnished indications via the telemeter of the satisfactory
perfornance of tke various key components.
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CHAPTER V

GEOMETRIC FACTORS UNDEELYING COINCIDENCE COUNTING
VITH GEIGER COUNTERS®

by
Homer E. Nowell, Jr.

The coincidence rate of a perfectly efficient two counter
telescope exbedded in an isotropic field of radiation is ob-
tained in terms of the radiation intensity and the effective
dimensions and separation of the counters comprising the tele-
scope. By means of the forsulas the counting rate may be lo-
cated between an upper and a lower bound which in most prac-
tical cases differ by only a few percent. The information
embodied in the formulas is also presented graphically in a
form convenient for ready ocalculation of the ratio of coin-
cidence rate to radiation intensity once the effective dimen~
sions and separation of the two counters are known.

1. Jntroduction

The coincidence rate of a counter telescope depends not only upon the
intensity of radiation in the surrounding space, but also upon the effec-
tive dimensions and efficiencies of the counters and upon their positions
relative to each other., TFormulas are obtained bYelow which give the coin-
cidence rate of a two counter telescope in terms of the various quantities
1isted above. It is assumed that the counters are identical right circular
cylinders, the effective dimensions of which in practice are to be determin-
ed by appropriate calibration, and that the cylinders are placed parallel
$0 each other with the line joining their geometric centers normal to the
axes. By means of the formmlas the counting rate may bde located bYetween an
upper and a lower bound which in most practical cases differ by only a few
percent. Curves are provided, by means of which the calculutions may be
effected graphically.

The formula for the counting rate N, may be put in the form

s
M a e ]2 = GI. " ':
LS -3
‘:::'."5 where G is a factor depending upon the geometry of the telescope and upon ;
- the characier of the radiation in which the telescope is emdedded. In the .
0 caae of an isotropic distribution of radiation, I is the intensity of the J
"
*This was published in The Reviey of Scientific Imstrumenta, Vol. 19, p. 384
o (1948), Shortly after publication, however, an error was discovered in

Fige.ba and 5%, Corrected figures are given here.




- — NN, o 2Ot %A N W L, v‘"'r;("‘f{!"”"'ﬁ'-"i'._" A
AL AR S AR U KA M LAICCHI AR TR LR L8 LRGN S LA R S
e

radiation. If the radiation intensity varies with zenith angle ¢ in accord-
ance vith a cosine squared lax, then I colag is the rediation intensity.
Only the former case is considered in the present psper. The latter case
will Le treated in a later paper.

2. Praiimipary discuasion

The dreving of Fig. 41 showe two orthogonal projections of a two
counter telescope. As indicated, the counters are equal right circular
cylinders. The projections on the left and right of Fig. 41 are made re-
spactively onto planes parallel and normal to the axes of the counters. The

S
axes Hy'HY and Hy"H\" are parallel to each other and normsl to the line -;:}\}\.{:.-}_.::
C'C" joining the geometric centers of the oylirders. It is convenient to RISV
think of C'C*, or VV, as vertical, imn which case H'H',K H*Z" and the counter NSNS 3
axes are all horisontal. Y
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Lines LL, L'L°, MM and M'M' are the traces of planes orthogonal to the
respective planes of prcjection. Planes LL and L'L' are parallel, the for-
mer being tangent to the upper counter along an element of the cylindrieal
surface, and the latter similarly tangent to the lower counter, as shown.
Both planes make an angle O with the vertical. Plaras MM and M'M' are
likewise parallel to each other, traversing the counters in the manner de-
picted. Bntk make an angle 3 with the vertical.
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The four planes LL, L'L', MM and M'N' form the bdoundary of a prisamatic
tude as shown in Fig. 43, in which the labelling of Fig. 41 is retained. Th»
parallelogram IEFG 1s a right section of the tube. On IEFG the two counters
have a common projected area O , ladelled JEPG in tky drawing.

Angles ¢ and S uniquely spoci?y the direction of the edges of the
prisnatic tubs. Hence they likewise serve to fix the direction of rays
which travel parallel to the edges of the tube. Agsuming ocounter
efficiencies of 100 percent, such rays give risa to coiancidences if they
travel within the tube and croae the area 0 . By summing for a unit time
all such rays corresponding to the differsnt values of O and [ vetween

N suitable limits, and correcting for inefficiency of the telescope, the
coincidence rate of the telescope can be determined.

3. A formmla for the coincidence rate

The number eiliz of registered coincidences per seccnd caused by rays
coming from a small solid angle 4 3 adout the direction [ o, 8 ] 1is given
by the relation

3.1) wi,=eI(a,B)o(a,B) aZ(a,B) .

where I is the radiation intensity, and vhere O has the meaning sasigned
to it in the preceding section. The quantity edi; is composed of the num-
ber dN, of rays traversing toth counters multiplied by the efficiency e of
the telescope. It is assumed that the telescope 1is adequately shielded
against lateral irradiation, so that the number of registered coincidences
is directly proportional to dN,.

Integration of dllz over a suitable range ¢f values for O and S
Yiclds the number Ny per second of rays which traverse both counters and
coms from & specified s51id angle 2 . Generally, the last threes factors
on the right of 3.1) are functions of O and ﬂ ., 80 that the expression for
K. tekes the form

33=J' [Ia'd):.

b z°

E When the radiation i isotrcpic, however, I is constant and may bs reroved
from under the sign of integration. In such a case,

= Ny = I (jodE.

L;;::‘ >

,g The intsgration in the above formula is carried out below to odtain
o the total coincidenco rate of a perfectly efficient two counter telescope
_:. in a region of isotropic radiation. For this case the s0lid angle 2 in-
-~ cludes all directions. The actual integration does not always extend over
So the complets spbere, howaver, zince O vanishes for all directions [a,ﬂ ]
E; for which no rectilinear path can traverse both couaters of the telescope.
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Mo reover, the symmetry involved is such that the integration can be carried .
out over a single octant. Thus, finally, the expression for 13 ie N
.-\.\ '1-..“- ~.'
Ao Bo o e
3.2) ¥y =8I ca X , AT
0 ';.':"':"‘ Y
S NG e LS
° ‘ -?-ri-:\}*%
vhere doth Ot and Sy 1ie bdetween serc and —g— . {\ R :3‘
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4. The solid angle d % in terma of O and B
To carry out the integration of 3.2) it is necessary first to express
Cand 42 in terms of & and 5. The latter may be so expressed simply dy
exploying & suitable transformation from familiar spherical polar coordi-
nates 9 and §, in terms of which
dX = sin 0d64f .

Both sets of coordinates are shown as arcs on the sphere drawn in Fig, 42,
from which it may be seen that

6 = arcotn (cos O tan )

ﬂ=-7—r--d.

3
It follows diractly that
2 (e,8) _ cos o
dia,B)  1-asn3a n g
and that
4.1) oin A = cos B .

‘[1 - sind ¢ 8102 3

Finally, comdining these, the expression for 4 T is obtained:

S
X

“»

4.2) A = cos & cos S

-y, v
S

[1- sin3a ein B ] g v el
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5. Tha area * i tarms of O andf

Fig. 43 combines the material depicted in Yigs. 41 and 42 iato a single
three dimensicnal drawinz, Ths 1abelling in Fig. 43 coincides with that of
2s. 41 and 42 wherever common elsments appssr. For exraple, in all three
figares MM represents the same lins. Similarly M'M', LL, L'L°, Hp'Hp',
Hy"ida" , H'B', .. , ere sach psrmensntly essociatsd vith & definite
geometric entiiy.

The prismatic tube of Fig. 42 appsars again in Fig. 43, In the latter
case, howewver, hoth counters of the telesccpe are shown in the relation-
ship they bear to the tube. As in ?1g. 42 ihe right sectioz of the tube is
labelled NEXG, The "ehadow” cast by the upper =ounter onto DEIF® i UEPGD,
1t is obtained by orthogonal projectica of D'E'P'G'K' cate DEFG, Similarly
the shadoy cast oy the lower counter is FWEY, The iutersesction of the two
pruiections is JEPG, the area of which is the quanvity O of 3.2). Yor the
discussion heiow it 1w convenient to express this &rsa Jn the form

o = area (JYK) -+ 2 x araa (PGK).

The quadrilataral JUK is a rectangle the width FX of which is equal
to P'K', By reference to Fig. 41 it is readily verifisd that

PE' = a(f -sino), 6::2 .

The length QP of the rectanzle is given by
W =QT - PT
= A4 cos (angle between HM Hy' and (T)
-~ (projection PP'R"T onto PT) .

¥ith the aid of Pig. 42 it may be shown that the angle between Hy"H," and
QT is —g— - © . Alsc, FP' and R"T are both perpsndicular to PT, Hence

P = [ sin © - (projection of P'R" onto PT),

The angle between P'R" and PT is @, and P'R" = a cos® . Using 4.1)
it follows that

QP = fsin @ = a cos O cos O ,

1
5.1) WP = e dcosf - coe2a sin Y
‘/ 1 - 810 O #1228
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Thas

area (JQPK) = o2 (0 - sinct) ( A cosf8 -~coslcxatnf ) .
V1= a2 a si?g

Twice the srsa (PGX) is the projection of twice the area (P'G'K!')
opte the plane cf O Hanco

2 x ares (PGK) = 2 x ares (P'G'K?) cos & ,

since the angle between Hy'F,' and the edge of tbe priematic tube is 8, and
since these are normal rempectively to F'G'K' and PGK, Twice P'G'K® is
sisply a segnent >f height 4 - a sin (X ont from a circle of diameter 4, The
area of svch a segnent is easily odbvained, and as a resait

2

_cost sia S8
Vl -sinQ lian_

+,‘};(" ~2sn0) {ostac - -mza]

Finally

2
5.2) g = & (6 - stn2 )( 4 cosfB - cos2x sin B )

1/1 - sin® @ #inB

2
+[—2——arccol(—a—lx;—&'i)+% (6 - 2sin @ )W sin & - ltnzoz:] cost sinf3

6. The limits of integrationOjand S,

The expression 5.2) for O is not valid over the whole range of values

fora and S . If O be fixed and 8 be made to increase from gero, the area

O changes as shown schematically in Tigs. 44a - 44f. Starting as a
rectangle, O passes firet into the form of 44a, then into that of 44bd in
which the rectangle QPKJ has collapsed into a line. As S continues to
increase, line FK passes over QJ and the rectangle begins to inocreass in
area again as shown in 44c. Tor the case depicted in Fig. 44¢c, O 1is
given by

6.1) 0 = area (EQJ)+area (PGK) - erea (QPKJ) .
Note that the expression 5.1) for QP actually gives the length of QP with a

negative sign in the cases depicted by Fig. 44c. As a comsequence, 5.2)
automatically passes over into 6.1) as PK crosses §J.
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and O take
and F0,

B

G J

that P coincides with E, and J with G.

2) no longer represents O .

[ 50

Formula 5.2) contizues to be valid for 0 until 8

a sagnitude 3,

than S,
corresponding value fJ;, of B is the upper limit of integration ia 3.2

over each other to become tangent as in Fig. 44f, O vanishes and the

passos over B to its lef
by portions of ths arcs
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The integration limit Ol ie given by

6.2) oy =aresind , 6 = 4
M

To obtain S, , simply set QP +KG equal to zerc and solve for 8 . It
is to be remembered that QP is negative, whereas KG is positive. Thue

. Acos ) - cosd o sin 8, + K'G! cos 6= 0.

Vl - 8122 o sin?f,

Replacing K'G' by

u‘/é sinC! - sincx ,

making use of 4.1), and solving:

o = coc - - 2 , _ 0 .
6.3) B (o) =arcctn 1 [co-a Vdnina sin®a ] A--h-.-

Finally, 8, can be determined with the aid of Fig. 44f. _From symmetry
considerations it is plain that W, the point of tangency of BJ ana PO, 1s
the geometric center of the rectangle PQJK. The lengtlk of PQ is, therefore,
twice tbe length of X'W! projected onto the right section of the prismatic

ture, where X' is the midpoint of P'K', X'W' is parsllel to K'G', and W'
lies on the arc P'G', Thus

2
a cos? x sinfp - A cosfy _ o %°%C 'uﬁnﬁ - sinar
Vl - sin o linzﬁo ‘ﬁ. - sinf -1nzﬂo

o
6.4) By ( d) = arcctn co; [col a -6 - sn2a ] .
Eizi
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7. The coincidence rate of the two_counter telescope

Rewrite 3.2) as follows!

¥, =8l I%Jﬁloaz + ro cac’l
0 0 (1} |

.

Let N, and Noy be given by

L8 PN }
7.1) Ny, = axf c(a,B)al
0 0

and

A ~Bo
7.2) xal=lz.+exj f o (a,B (a)al,
° B

where o (¢, 8 ) 1s given by 5.3).

The information collected in the foregoing sections makes it possidle
2 2 -d
to write Hz./n I and lm/a I as functions of § and A, where 4 = £ and

4=2. This may be seen by reference to 4.2), 5.2), and 6.2)-7.2).
The integration of 7.3) has been carried through mumerically for the various

values of 0 and A . Fig. 45 presents the results graphically in the form
of a plot of llzn/uzl versus § for a number of values of 4.

The quantity '2)( exceads the actual coincidence rate N,, btut by s
relative error no greater than

Koy -~ ¥

.:-: l - _ﬁ——-a—— Y

2 T

’a

N

v_-!‘ A plot of 100R versus { appears in Fig. 46.
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CHAFTER VI

ATMOSFHERI STUDIES AT VERY HIGH ALTITUDRS

Introduction

The section's program for the study of the upper atmosphsre yielded
results uwp tg altitudes of 120 kilometers during the first four cycles of
Vo3 firings.” Nurther measurements of the pressures in the upper atmosphere
vers atiespted in the V-2 flights of May 15. and July 10, 1947 and
Jaruary 32, 1948, The first of these rockets exploded prematurely at
adout 33 kxilometers altitude. As a rosult, no data were obtained in the
region of interest above balloon altitudes. The measurements which were
nade up to 33 kilometers did agree within experimental error with bdallcon
measurements which were made fifteen minutea after the rocket flight. This
served as another check on the validity of some of the rocket techanigques.
Ihe maximum altitude reached dy the July 10 V-2, cut down for safety rea-
sons, was only 16 kilometera. While the flight coatridbuted little of
direct value to the atmospheric studies, it did serve as the first test of
a nev wire accelerometer. This instrument is described in Section A. On
Jamiary 22, for the first time, measurements of atmoapheric pressure were
made in the winter season at very high altitudes. These midwinter readings
are discussed in Section B, They are also compared there with date
obtained in previous rocket studies.

’
e 2 8 4

-
'~
3.! 10f. Naval Research Laboratory Report ¥o. B-2955, Chapter III, Sections D
= and I; Naval Research Laboratory Heport No. R-3030, Chapter IV, Section B;

- and Naval Research Ladoratory Beport No.R-3171, Chapter VII.
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CHAPTER V1

ATMOSPHERIC STUDIES AT VERY HIGH ALTITUDES

A, A VWire Acoslerometer
by
R. J. Hevens and H. E, LaGow

A wire acceleromster was installed ia the July 10, 1947 V-2 in order
to measure the accelerations experienced by the rocket during the dburning
period, snd to determine as accurately as possible when Breanschluss
occurred. Commercial instruments usually employ amplifiers and are not
designed to withstand the vidrations and temperatures encountered in a
rocket flight. The wire accelerometer was chosen for this application
since it was simpler and more rugged, and its time constant (0.5 seconds)
was short enouzht to allow reasonably accurate measurements, yet long
enough to filter out the rocket vidbrations,

The instrument's principle of operation is simple. Under the proper
circumstances, heat 1s exchanged between a wire and a gas of different
temperature by means of convection currents. In general, such currents
will exist only in the presence of a field of the gravitational type. The
rate at which heat 1s exchanged is a function of the rate at which the gas
is accelerated relatively to the wire. The resistance of the wire is, 1n
turn, a function of its temperature.

The instrument used in the July 10 rocket consisted of a 1 mil platimm
wire which was mounted coaxially with a brass cylindey. The cylinder was
6 cm long, had an inner diameter of 1.5 cm, and was sealed a% both ends.
The chumber contained air at atmospheric pressure. This unit was placed
in series with a 94 ohm dropping resistor across a 24 volt dattery. The
resistance of the platinum wire element, and thes voltage drop acroes it,
were functions of the relative accelerations of the wire and the air
molecules within the cylinder. This voltage was telemetered to earth.

The instrument was calibrated directly, by means of a centrifuge, for
values of the acceleration which lay between 1 g and 8 g. An indirect
calidration method was used for accelerations less than 1 g. The wire was
maintained at a temperature 3000 C above amdient. The resistance was
measured at several pressures between 1 atmosphere and 0.5 atmospheres.
The radiation and conduction losses were sensidly constant since the tem-

—r—
P

* Tt e

(3

PR
P P
PR A

) perature difference was constant. The convection losses decreased with the
E? pressure, however. The corresponding curve was extrapolated to zero

. pressure to furnish an estimate of the resistance of the wire in the

fh absence of convection losses.

SN

. ﬂ‘-.

'@

)
4‘!

88

V'""T"."*-
Y Ot
Tt ts

»




.
N o

£
o %ty

-
L

.
s .
LA

T 7 -" 7
Y

@
#1f1

-

A A
vene

2D
’1"_'" "l
2‘_’ :' Y I T

LTSI
e

P

L
1
R
e
‘l

LA

The wire mccelerometer has several features which render it particularly
useful for rocket studies. It doces not require an amplifier. It is small,
reasonadly rungged, and easy to construct and install. Its sensitivity can
be increased by filling the cylinder with heavier gases (e.g. argon) at
higher pressures. The qualitative data odtained with the accelerometer
during the July 10 flight indicate that these advantages are real and that
the instrument will perform satisfactorily in the V-2,
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CHAPTER ¥I
ATNOBPHERIC STUDIES AT VERY HIGH ALTITUDES

B. The Pressure and Temperature of the Upper Atmosplhere
on January 32, 1948

.4, :.'. o ..'_' ) e
e e ’ ‘...‘».,‘ . o .

‘e % L a'x fa as

by

N. R, Best, D. I, Gale, R. J. Havens
snd H. B, LaGow

Pressure measuremonts were made between the altitudes of 33.9 and 128
kilometers during the Jamary 22 V-2 flight. A consideradle number and
variety of pressure gages were used in the experiment. The instruments
were similar in design and construction to those employed on October 10,
1946 and March 7, 1947.2 ,

Nine of the pressure gages operuted satisfactorily and gave good data

during ths flight. The locations and the pressure renges of these gages
were as follows?

Pressure Range

Gaga —tosnie Location?

Pirani 30 - 10 Tail fin 1

Pirani 10-5 Tail fin I

Pirani 10 - 5 Tail fin III

Pirani 2« 0.2 Tail fin I

Pirani 2-_0.2 Tail fin III

Pirani 10} - 1072 Tail fin I

Pirani 101 - 10°2 Tail fin III

Philips 1003 - 1075 Warhead base

Philips 103 - 10-5 Varhead bass .
o 20f. Waval Research Laboratory Report No. B-2955, Chapter III, Sections D
o and E; Naval Research Labdoratory Report No. 4-3030, Chapter IV, Section B;
o and Naval Research Laboratory Heport No. B-2171, “hapter VII,
:;.'" SThe Pirani gages were mounted on a circumference of the rocket 15 centi-
t'\'-: meters forward of the leading edge of these fins. One of the Philips gages
RS vas mounted in the half-plane of tail fin II, the other was mounted in the
e nalf-plane of fin IV. The access apertures may be seen in Fig. 14. The
oeet warheed surfece was truncatmd conical in this region, the elements making
'@t an angle of 11° with the missile axis.
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Ionisation gages were also mounted on the same circumference as the
Philips gages (cf. Fig. 14, Chapter III, Section A). Had the former gages S
operated, each of the types would have served as a check on the other., The

ionisation gages were sealzd in the Labdoratory to prevent the filaments from . ,.g @
oxidiging at the relatively high pressures obtaining in the lower atmosphere. T
The seals were to have been broken at the proper altitude by an automatic TN
device in the rocket. Only one of the seals was broken. The exposed gage RO
gave pressure readings which were much too high, however. This may have e

been dune to air escaping from the warhead into the gage chamder.

The interpretation of the data is made 2ifficult by the fact that the
rocket motion after Brennschluss contained an umusual amount of yaw and
pitch. The actual motion is not known precisely as yet; hence the results
presented here are provisionsl, particularly for the altitudes adove 70
kilometers.

The rocket had a 29 second roll period after Brennschluss. Because of
this, the readings of any particular gage of a pair mounted on opposite
sides of the rocket were duplicated approximately 14.5 seconds later by
the other gage of the pair. The two gave the same readings at certain times
during the flight. At certain of the quadrature times, however, the read-
ings of such a pair actually differed bdetween themselves by a factor of
500. This was due to the yaw and pitch of the rocket., The erratic, and
as yet not completely known, rocket motion has made it impossible to relate
accurately the pressures read at the crossover points to ambient pressures.
Estimates of the true pressures may be made, however, on the following
basis. The Taylor-Maccoll theory asserts that pressures along a cone are
greater than ambient by a factor depending upon the cone angle and the
relative velocities involved. The factor appropriate to this experiment
was 1.5, provided that the rocket's axis and velocity vector were collinear.
This was obviously not the case when gages of a diametrically opposed pair
were nov reading equal pressures, Therefore the factor wae less than 1.5,
at crossover points, due to the decrease in ram pressure. During descent
cbserved pressures could be greater or less than ambient by as much as s0%,
since the rocket might have been falling either nose first or tail first.

The January 22 V-2 took off at 1:12 P.M,, M,S.T. The pressures ob-
served during this flight are shown in Tabdle V and Fig. 47. The considera-
tions of the previous paragraph were not applied in detail to these resulte
since rocket aspect was not known as a function of time. Tke data were
corrected for the time lags of the gages, however. The errors indicated
are those associated with the gages themselves and with the interpretation
of the telemetering record. Altitudes were determined from radar informa-
tion and are accurate to about 0.5 km. The pointe shown at altitudes

:;j{ above 90 kilometers were derived from the Philips gage measurements made at
ng the timas when both gages of a diametrically opposite pair read alike, The
o last three pressures listed were measured while the rocket was descending.
o For comparison purposes, the pressure curve drawn from the March 7 data is

shown in Fig. 47, and values taken from it are givem in Table V.
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Two balloons equipped to measure pressures were also released on
Jamuary 22, one at 7:45 A M., M.S.T., the other at 1:45 P.M., N.S,T. The
latter balloon read pressures up to 14.4 kilometers altitude; the former
to 22.3 kllometers altitude, Thess values are also given in both the table
and the figure, together with the results of similar bdalloon measurements
made within an hour of the March 7, 1547 V-2 flight,

Temperatures were determined from the variation of pressure with
altitude by means of the following formula: :

p = - Hy)
R (1n —;é—)

vhere P, and P2 were the pressures at altitudes 31 and Hé, respectively,

and both T and g were referred to the arithmetic mean of these two altitudes.
The atmospheric composition at sea level was assumed throughout in the
temperature calculations, The temperatures obtained in this way are rlotted
in Fig. 48. Values for Karch 7, 1947 are also given. Tha January 22, 1948
data were insufficient to allow the calculation of temperatures for the
strata above 70 kilometers. The mean temperature per kilozeter of altitude
in the region between 75 and 120 kilometers was calculated, however, and
found to be 230° K.
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